Leukaemia and Hodgkin's disease are unusual among neoplastic disorders in man in often having aroused suspicion of person-to-person transmission or an infective etiology. The aims of this brief account of their epidemiology are to review the evidence for these suspicions and to refer to some of the problems and methods of evaluating such evidence. Leukamia An overall view of the epidemiology of leukemia is complicated because the term embraces several different types each with a different pattern. Broadly speaking, however, acute lymphatic leukemia is the principal type occurring in patients under 15 years old, acute myeloid at ages 15-39 years, and both acute and chronic at ages 40-59 years, after which chronic lymphatic leukemia predominates. All types tend to be commoner in males, particularly chronic lymphatic leukemia in which the sex ratio is approximately 2:1. International differences in the incidence of leukemia are less marked than in most forms of cancer and only Israel, USA, Canada, Denmark, Sweden, Hawaii and New Zealand have rates above 8 per 100 000 (Doll 1972 ). The high rates in Israel are also shown by Jews in other countries such as the USA (MacMahon & Koller 1957) . The low rates recorded in certain countries are likely to reflect, at least in part, under-diagnosis. Much of the rise in mortality rates in Britain, particularly in children, during this century is likely to be due to improvements both in diagnosis and in the treatment of infections which previously masked the leukemia.
Of the causes of leukxmia, the most firmly established is ionizing radiation and nearly all types of irradiation that have been studied have been implicated. These include -besides the atomic bomb explosions-radiation therapy for ankylosing spondylitis, metropathia hmemorrhagica, tinea capitis, supposedly enlarged thymus glands, polycythemia (using P32), and thyroid cancer (using 113 ). The only exceptions are 11 31 therapy for hyperthyroidism and radiation for cervical cancer (Hutchinson 1968) and it is relevant that in the former the dose is relatively low while in the latter the dose is so high that a killing effect on marrow cells may mask the leukemogenic potential of the radiation. This potential relates to chronic myeloid and acute leukemia but does not include chronic lymphatic leukemia. The relationship between dose and risk appears to be linear (Court Brown & Doll 1957 though studies of children exposed in utero to X-rays, suggest that they are more sensitive than adults (Stewart et al. 1958 ).
The only other leukxemogen for which there is good evidence is benzene and the high proportion of the rare erythroid form among cases of leukemia in benzene workers (Browning 1962) suggests that this association is genuine. In the case of other agents, however, such as viral infections in pregnancy (Fedrick & Alberman 1972 , Adelstein & Donovan 1972 ) and phenylbutazone (Woodliff & Dougan 1964 , Stenhouse et al. 1966 , the overall evidence is less consistent. Among other etiological clues, the most well known is the increased risk of acute leukemia among persons with Down's syndrome.
It is convenient to use Kellett's report (1937) of a cluster of cases of leukemia in children in SE Northumberland as marking the start of modern interest in the possibility of person-to-person transmission of the disease. Since then, many other reports of clusters of cases have been published, Proc. roy. Soc. Med. Volume 70 August 1977 some of them dramatic such as those in Niles, Illinois (Heath & Hasterlik 1963) and Orange, Texas (Heath et al. 1964 ) but, in the absence of any method for evaluating them, they have remained largely as tantalizing anecdotes. However, E G Knox (1964) clarified our thinking on this question and focussed particular attention on space-time clustering, proposing an ingenious statistical test for its detection. By considering all possible pairs of cases in a large series and the number of pairs which are 'close' (as defined before the data are examined) in both space and time, a measure of clustering can be made. The attraction of the method is that an expected figure can be calculated to which the observed figure may be compared. Its application is well illustrated by the following example taken from Knox's study (1964) of 96 cases of acute leukaemia in children under the age of 6 years (Table 1 ). Five pairs of cases were found in which both children lived within a kilometre and were diagnosed within 2 months of each other. This contrasts with an expected figure of 0.83 pairs calculated by applying the proportion of all pairs at any time or space interval that were within 2 months (152/4560) to the number of pairs that were within 1 kilometre (25). This exciting and statistically significant result (P=0.002) has prompted other studies of a similar type but unfortunately the results have in the main been negative or only weakly positive, and indeed in Knox's own study when all cases in children up to under 14 years of age were considered together, there was no significant evidence of clustering (Knox 1964 (1967), he developed his hypothesis that Hodgkin's disease represents at least two different disease entities. The disease which peaks in the 15-34 age group is less common in southern USA than in the northern states (though equally common in older age groups), less common in the USA than in certain European countries (though in older age groups, the reverse is the case) and very rare in Japan. This form of the disease has better survival rates than that in the older age groups and histologically shows more Sternberg-Reed cells, eosinophils and fibrosis; it is more often of the nodular sclerosis type. There is no excess in Jews in whom the late onset form is twice as common as in non-Jews. MacMahon suggested that an infective etiology was more likely in the young, and noted that there was some suggestion of clustering of the 'early onset' form of the disease in families. In addition to these two types, Hodgkin's disease occurring under the age of 15 years is recognized by some workers as a third form of the disease. This form is much more common in underdeveloped countries and Correa & O'Connor (1971) have drawn attention to an interesting inverse relationship between its incidence in children and that of Hodgkin's disease occurring at age 20-40 years. Among other etiological factors, several studies have suggested an association between infectious mononucleosis and Hodgkin's disease. Of particular interest is that in Denmark, 17 out of about 17 000 people who had a positive reaction to a Paul-Bunnell test in the period 1940-69 developed Hodgkin's disease after an interval of at least a year (Rosdahl et al. 1974 ). This number was significantly greater than expected. It remains to be determined if this association is direct or whether it merely indicates that the two diseases have certain risk factors in common.
Interest in the possibility of person-to-person transmission of Hodgkin's disease was greatly stimulated by the work of Vianna et al. (1972) . They reported the striking observation that 31 cases of Hodgkin's disease centred on a high school in Albany, could be linked directly or through a contact without the disease. These cases were diagnosed in the period 1950-70 and represented 15 % of all the cases in the county. Unfortunately it is impossible to assess this finding because of the absence of a control group. It is also relevant that the area was not chosen for study at random but because Vianna's attention had been drawn to the occurrence of several cases in the same school.
A later study by the same workers met some of the principal criticisms of the Albany study put forward in the British Medical Journal (1972) . Eight public secondary schools in Nassau and Suffolk, New York State, were identified in which a pupil or teacher had developed the disease in the years 1960-64 ). In the following five-year period, 10 further cases developed in these 8 schools, whereas only 9 cases occurred in the remaining 195 schools which had produced no cases in the initial five-year period. This highly significant result has been criticized on the grounds of possible underascertainment of cases but the finding could not be explained away on this basis and it was clear that further studies of the question were indicated. Space-time clustering has been searched for but without success, but then it could be argued that this is hardly surprising if the disease has a long and variable latent period.
In Oxford a study has recently been completed of contact among 87 patients with Hodgkin's disease diagnosed in patients under the age of 40 while resident in a defined area around Oxford (Smith et al. 1977) . Different measures of contact within this group have been compared with those in a matched control group. Table 2 shows the results of one of these comparisons relating to persons who attended the same school at the same time. It will be seen that no difference was detected between the observed number of linked pairs with the disease and the expected numbers. The expected numbers were calculated by dividing the total number of observed links in proportion to the total number of possible links between all patients, all controls, and all patients and controls. Similarly, no difference has been detected with respect to other measures of control.
Several groups have been investigated in which it is logical to enquire if there is an increased incidence of Hodgkin's disease. One of these was again by who reported that physicians in New York State had an increased mortality from the disease in the period 1960-72. On the other hand, radiotherapists both in Britain and the USA showed no excess mortality; nor was any excess evident in a prospective study of over 34 000 British doctors or in two other US studies (see Table 3 ).
Nurses are another group with more contact than average with patients with Hodgkin's disease but a recent study found no suggestion of an increased risk. If, as Vianna claimed, the disease could be transmitted in schools, then teachers would represent another relevant group. Observations suggesting that teachers in Washington State had an increased mortality from Hodgkin's disease (Milham 1974) were later reanalysed (Hoover 1974) when it was realized that the low overall mortality from all causes in Table 2 Contact among patients with Hodgkin's disease attending the same school at the same time, compared with a matched control group teachers had not been taken into account. The excess rate was, therefore, much reduced.
Discussion
Most of the observations suggesting person-toperson transmission of Hodgkin's disease are anecdotal and the only controlled study that offers support to the hypothesis is that by of schools in Nassau and Suffolk, New York State. No support is provided by the Oxford study (Smith et al. 1977) but evidence is required from further studies. It should be recognized that negative studies both in lymphomas and leukemias do not necessarily mean that the disease does not have an infective basis, since the process may be too subtle for detection by the particular method employed. Indeed, experience of lymphoma in the cat, a disease of proven infectivity, has shown how difficult it can be to detect epidemiological evidence of infectivity. Epidemiological studies, however, can provide at very least quantified information about the incidence of these diseases in groups with particular types of exposure to affected individuals. This is highly relevant in view of the anxiety which is inevitably produced when patients or their contacts hear of certain reports. At present, the bulk of the evidence indicates that the risk of contacts of patients with Hodgkin's disease developing the disease is very low.
The epidemiology ofnon-Hodgkin's lymphomas has received relatively little attention perhaps because they are a histologically less well-defined group. The recent finding that the incidence of reticulum cell sarcoma is greatly increased in renal transplant patients has understandably attracted much attention and a large, multicentre study, coordinated from Oxford, of this and related questions is in progress. The cause of the increased incidence of these lymphomas is unknown but a viral or other infective basis must be among the possible explanations since so many infections are facilitated in the transplant patient.
